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PREFACE

The investigation reported herein was conducted under Corps of Engi-
neers Subproject 8-T0-01-400,* "Engineering Studies and Investigations,
Ground Mobility Research," and related Subprojects 8-T0-03-420,#* "Prefab-
ricated Airfield and Road Surfacing Membrane," and 8-70-03-440,%** "Landing
Mats, Airfield, Metal." Specific authorization for the investigation was
given by the Office, Chief of Engineers, in first indorsement dated 12 Feb-
ruary 1958 to U. S. Army Engineer Waterways Experiment Station letter dated
17 January 1958, subject, "Proposed Waterways Experiment Station Test
Program for Beach Operations."

Field tests of landing mats and prefabricated membranes were con-
ducted in Europe during May-June 1959 along the Brittany coast of France.
Coordination of plans for the accomplishment of the tests was effected
through the Engineer Offices at Headquarters Communication Zone, Orleans,
France, and Base Section, Poitiers, France. Particular acknowledgment
is made to Col. G. W. Bixby, Engineer for Communication Zone, Col. I. W.
Finberg, Engineer for Base Section, and members of their staffs for the
excellent cooperation rendered at all echelons of command. The 89th Port
Construction Company of the 83rd Engineer Battalion (Const) provided direct
support in the field; transportation for the Waterways Experiment Station
field partv was provided by the St. Nazaire Installation commanded by
Maj. W. C. McKinney.

* Now Task Ol under Project 8S70-05-001, "Trafficability and Mobility
Research."
#% Now Task 05 under Project 8870-05-001.
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Engineers of the Waterways Experiment Station who were actively
engaged in the planning, testing, analysis, and report phases of this in-
vestigation were Messrs. W. J. Turnbull, A. A. Maxwell, W. L. McInnis,

S. G. Tucker, and J. L. Garrett. This report was prepared by Messrs.
Tucker and Gerrett.

Col. Edmund H. lang, CE, and Col. Alex G. Sutton, Jr., CE, were
Directors of the Waterways Experiment Station during the conduct of this
study and preparation of this report. Mr. J. B. Tiffany was Technical
Director.
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SUMMARY

Field tests were conducted at La Turballe Beach and Suscinio Beach,
on the Brittany coast of France, on three metal landing mats and three
prefabricated membranes to determine their suitability and effectiveness
as portable surfacing expedients for increasing the trafficability poten-
tial of unprepared beaches for emergency offshore discharge operations.
Mats tested were: the PSP, a light pierced steel plank; the M8, a heavier
pierced or perforated steel mat; and the Tll, an extruded aluminum mat.
Membranes tested were: the Tl, a No. 8 cotton duck, vinyl-coated membrane;
and the T12 and Tl4, neoprene-coated nylon membranes.

The metal mats and membranes were placed on two undisturbed beach
areas subject to the action of waves and tides, and accelerated traffic
was applied with typical military vehicles usually employed in emergency
offshore discharge operations. In some cases, the mats were placed di-
rectly on the beach sutgrade; in others, membrane was placed directly on
the subgrade and mets were placed atop the membrane. One of the beach test
sites consisted of a loose sand and steep slope, whereas the other test
site provided a somewhat firmer sand and & flat-sloped beach.

Results of the tests indicated the following:

a. All materials and/or combinations tested increased the traf-
ficability potential of vehicular traffic across the beaches.

b. Of the surfacing materials tested, the M8 steel landing mat
underlain with membrane was the most satisfactory in
performance.

¢. All membranes performed satisfactoril:” underneath the M8
steel mat.

d. Membranes improved the performance of the PSP, but the No. 8
cotton duck (T1l) sustained an appreciable number of punctures
by the overlaid mat panels.

e. All items tested can be rapidly removed and reused at various
locations by field troops.

Based on results of this investigation, it is recommended that the M8
steel landing mat (either with or without membrane placed underneath) be
used in emergency offshore discharge operations as a replacement for the

vii



pierced steel plank (PSP) or pierced aluminum plank (PAP). Further, it is
recomnended that a study be conducted to develop a more satisfactory light-
weight surfacing expedient for beach stabilization. Such study should in-
clude among other factors investigation of the effects of wave action,
beach slope, tide, and variations in composition of beach materials.

viii



BEACH STABILIZATION TESTS OF LANDING MATS

AND PREFABRICATED MEMBRANES

PART I: INTRODUCTION
Bacl_gground

1. New Offshore Discharge Exercises (NODEXES) are being conducted in
Eurocpe along the west coast of France to provide logistical training in the
emergency use of unprepared beaches for unloading supplies. In the conduct
of these exercises, considerable difficulty has been experienced in moving
heavy equipment and supplies across the beaches because of inability of the
beach materials to support traffic. Pierced steel plank (PSP) and pierced
aluminum plank (PAP) remaining from World War II have been utilized in var-
ious NODEXES in an attempt to stabilize the beach surfaces, but results
have not been very satisfactory. At the request of the Engineer, Headquar-
ters United States Army Communications Zone Europe, representatives of the
U. S. Army Engineer Waterways Experiment Station attended NODEX 17 in
October 1957 to observe the conduct of this exercise and the difficulties
involved in maneuvering across beaches. Based on results of these observa-
tions and discussions with U. S. Army Corps of Engineers personnel at
Communications Zone and Base Section, France, the Waterways Experiment
Station (WES) prepared a program of tests of landing mats and prefabricated
membranes, and recommended that the tests be conducted on beaches under
field conditions. Results of these tests are presented herein.

Purpose and Scope of Test Program

Paxrpose

2. The test program described in this report was conducted to obtain
factual information for use in evaluating the relative effectiveness of
several standard and experimental metal mats and prefabricated membranes in
st abilizing unprepared beach sites subject to the action of waves and tides,
and thus increase the trafficability potential of beaches for use in emer-
gency offshore discharge operations. Past experience has proved that,



for the loads involved, (hese iats and membranes will perform satisfacto-
rily on dry areas or on areas .c* affected directly by the fluctuation
(rise and fall) of water. Spec’fically, it was desired to determine:

a. The effectivenes; of PSP, M8 and T1l metal landing mats, and
T1, T12, anG T+ prefabricated membranes in stabilizing
unprepared beach sites.

b. The time and effort involved in beach site preparation when
prefabricated surfacing materials are used as stabilization
measures.

c. The operational suitability (suitability for use in a mili-
tary mission including movement, supply, attack, ete.) of
various surfacing expedients for preventing wave erosion of
beaches between high and low tides.

d. The effects of beach vehicular traffic on the landing mats
and membranes.

e. The feasibility of removing these portable surfacing mate-
rials for reuse on other beach sites.

f. The towing forces required on landing mats and on unsurfaced
sand beaches.

g. The need for the development of a special expedient surfacing
material for beach operations.

Scope

3. TField tests were conducted at La Turballe and Suscinio Beaches
along the Brittany coast of France on three metal landing mats and three
prefabricated membranes. The test items were placed on two undisturbed
beach areas to afford a comparison of different sand conditions and beach
gradients. All items were subjected to accelerated traffic of two military
vehicles usually employed in emergency offshore discharge operations.
Specifically, the following types of tests were conducted:

&a. Limited soil tests to classify the different beach materials
and to determine their moisture content, density, and approxi-
mate bearing capacity.

b. Traffic tests on lanes surfaced with mat alone and with mat-
membrane combinations to determine the performance of these
materials under vehicular loads.

c. Towing tests on mat- and mat-membrane-surfaced lanes and on
unsurfaced beach areas to determine relative rolling
resistance.

Visual observations of all pertinent phenomena were also made throughout
the investigative periods.



Definitions of Pertinent Terms

4, For clarity, the meanings of certain terms used in this report
are defined below.

Beach.* The zone of unconsolidated material that extends landward
from the low-water line to the place where there is marked change in ma-
terial or physiographic form (usually the effective limit of storm waves).
A beach includes foreshore and backshore.

Foreshore.* That part of the beach that is ordinarily traversed by
the uprush and backrush of the waves as the tides rise and fall.

Backshore.* That part of the beach between the foreshore and the‘
dune area or coastline and acted upon by waves only during severe storms.

Dune area. An area of wind-deposited sand extending along the top
of the backshore or coastline. Coastal dunes may be active or partially
stabilized by vegetation.

Test lane. An area with only one type of met placed directly on the
beach or with one type of mat placed over membranes.

Tracking lane. Area of the test lane in which the passes by the test

vehicles were controlled so that an exact rate and pattern of traffic were
obtained.

Pass. One trip of the test vehicle over the tracking area of the
test lane.

Subgrade. The nonprocessed soils upon which the membranes and land-
ing mats were placed.

In-place density. The dry weight of soil, in pounds per cubic foot,

existing at a particular time in the subgrade.

Moisture content. The ratio of weight of water to weight of solid

matter. It is usually expressed as & percentage.

In-place CBR. The California Bearing Ratio of soil measured in the
field.

Run. A strip equal to one width of the landing mat or membrane.

Overlap. The amount, in inches, that one run of membrane covers an

edjacent run of membrane.

* Extracted from Appendix A of Beach Erosion Board Technical Report No. L,
dated June 1954.



Warp direction. The direction parallel to the long axis of the runs
of membrane.

Neoprene. A synthetic, rubberlike plastic formed by the polymeriza-
tion of chloroprene.

Vinyl. Any of a group of thermoplastic resins formed by the polymer-
ization of a vinyl compound. Resins of this group are resistant to chem-

lical agents and are used for surface coatings, molded articles, etc.
Erosion. The washing away or removal of soil particles by water mov-
ing under and around portions of the landing mat or membrane placed in con-
tact with the soil.
Towing force. The force required to tow a given vehicle under spe-
cific test conditions.




PART II: MATERTALS, TESTS, AND DATA OBTAINED

Materials Tested

5. The PSP and M8 steel mats were procured through the Engineer
Office, Base Section, and the U. S. Air Force, Europe, from available
stocks in France. The T1l aluminum mat and all membranes were furnished
by the WES.

Landing mats
6. Landing mats used in these tests were as follows:

a. PSP. Pierced steel plank (PSP), used in World War II and
also used extensively in previous NODEX operations, was uti-
lized in these tests for purposes of comparison. The mat
conforms substantiaslly to Corps of Engineers drawirg D-211k-1.
Nomenclature for this item is: mat, airplene landi.ng, steel,
pierced-plank type, 0.134-in. sheet (see fig. 1).

SPRING CLIP
END VIEW END VIEW

SPRING CLIP
SIDE VIEW

SN A

a w aY a2V VoV LD SR ) i o Vo Van ¥ -~ . ..-.
90 e0]070 0 0 0000000000000 00000 8 0
70 0707 0070107070700 0 10710 10 v0 100 v v M0 0 v w0 v v W

Y

Yo o 0 a e el a1l 8878100070 0 0 000" 0007 1] 120l Dy D

P o > A

PLAN VIEW

Fig. 1. Pierced steel plank (PSP)

b. M8 steel mat. The M8 is the standard 10-gage mat conforming
substantially to Military Specification MIL-M-59B* (type II,
class A) and Corps of Engineers drawing M-7613-1 (see fig. 2).
Nomenclature for this item is: mat, airplane landing, steel,
pierced type, 50,000-1b single-wheel load, 0.134-in. sheet.

* Now Military Specification MIL-M-59C.



PLAN VIEW OF PANEL
(NOMINAL DIMENSIONS 1' 7-1/2" x 11’ 9-3/4"

RIGHT END

SIDE-CONNECTOR SLOTS

SIDE-CONNECTOR HOOKS

LOCKING LUG

BOTTOM VIEW OF LEFT END

SHOWING END-CONNECTOR HOOKS

DETAILS OF LEFT END DETAILS OF RIGHT END

Fig. 2. M8 steel landing mat

PLAN VIEW OF PANEL NOMINAL. DIMENSIONS 2*' 3-7/16" x 12' "

CROSS SECTION OF CHANNEL CONNECTORS
Fig. 3. T1ll aluminum landing mat



c. T11 aluminum mat. The Tll is an experimental extruded alumi-
num mat which is still in the development stage. Details of
the design are shown in Corps of Engineers drawing E-10003-1.
The mat used in these tests was extruded from 6061-T6 alumi-
num alloy with a solid surfacing in contrast to the pierced
type of surfacing afforded by the PSP and M8 mats. The T1l
mat is shown in fig. 3.

Membranes
T. Close-ups of the three experimental membranes tested are shown in

figs. 4-6; the membranes are described as follows:

Desig-
nation Description
Tl No. 8 cotton duck, balanced

coating of 8-oz-per-sq-yd
vinyl on each side of fab-
ric; color, light gray; av=-
erage weight, 2.2 1b per

sq yd.

T12 8-oz-per-sq-yd nylon fabric,
balanced coating of 16-oz-
per-sq-yd neoprene on each
side of fabric; color,
black; average weight,

2.5 1b per sq yd.

T1h 8-0z-per-sq-yd nylon fabric,
balanced coating of 20-oz-
per-sg-yd neoprene on each
side of fabric; color,
black; average weight, Fig. 4. Tl vinyl-coated cotton duck
3.0 1b per sq yd.

Fig. 5. Tl2 neoprene-coated nylon Fig. 6. T14 neoprene-coated nylon



The T1 and T1lh membranes were supplied in rolls 36 in. wide and 100 yd long;
the T12 membrane was furnished as a sewn panel 30 ft wide and 30 ft long.

Test Vehicles and Method of Testing

8. The prime test vehicle used in the traffic tests was the M51,
S5-ton, 6x6 dump truck (fig. 7). It was selected because it exerted the

o n—— . . W

Fig. 7. M51 dump truck
most severe single-axle load of the pneumatic-tired vehicles available for
test purposes. Two M51 trucks were used for traffic tests at each beach
site. These trucks had standard equipment and were loaded with bundles of

PSP mat to simulate loads normally transported across beaches (fig. 8).

Fig. 8. 5-ton dump truck (M51) loaded with bundles of mat



At La Turballe the trucks were loaded to gross loads of 30,000 and 34,000
1b, respectively, and at Suscinio the trucks were loaded to gross loads of
32,900 and 31,240 1b. The tire inflation pressure of the M51 trucks was
maintained at 70 psi. In addition to the dump trucks, two 2-1/2-ton, 6x6
(DUKW) amphibian trucks were used for traffic tests (fig. 9). The DUKW's

' e Mg o v
Fig. 9. 2-1/2-ton DUKW
had standard equipment and were loaded with bundles of PSP mat to gross
loads of 20,000 1b at La Turballe Beach. For traffic tests at Suscinio
Beach, the DUKW's were loaded to gross loads of 20,000 and 14,670 1b,
respectively. Tire pressures of the DUKW's varied throughout the tests
from 25 to 40 psi.

Method of testing

9. Accelerated traffic was applied in a tracking lane approximately
8 ft wide along the center line of each test lane. In applying traffic,
the dump trucks were driven forward down the lanes toward the edge of the
water and then backward up the lanes keeping as near as possible in the
same tracks. At La Turballe, the DUKW's were driven down a lane into the
water, turned around, and then driven back up the same lane. At Suscinio,
the DUKW's were driven down one lane into the water and up an adjacent lane.
It was found that this latter method of trafficking with the DUKW's per-
mitted the use of both vehicles at the same time, and consequently in-

creased the rate at which the desired number of passes could be completed.

Types of Data Obtained

10. The following information and data were obtained at each test
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site: soil classification, moisture content, density, and in-place sand
bearing determinations of the subgrade of the test lanes before and after
traffic; profiles and permanent surface deformation along each test lane;
time required for preparaetion of each test lane; and visual observations
of the performance of the surfacing materials under the action of fluctu-
ating tides, waves, and vehicular traffic, supplemented by still photo-
graphs and movies. In addition, the force required to tow loaded vehi-
cles across the various landing mets and across the unsurfaced sand was

determined at Suscinio Beach.

La Turballe Beach Test Site and Tests

Location and de-
scription of test site

1l. La Turballe Beach is located on the Brittany coast of France ap-
proximately 15 miles northwest of St. Nazaire (see plate 1). The overall
test site was about 370 ft wide and extended from the approximate point of

low tide to the dune area immediately beyond the backshore. Fig. 10 shows

Fig. 10. La Turballe Beach test site
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the test site prior to placement of membranes and landing mats. To a depth
of 18 in. the beach backshore consisted of a poorly graded medium sand (SP)
as shown in plate 2; the foreshore consisted of a poorly graded sand (SP)
which ranged from medium to coarse as shown in plate 3. PFig. 11l illus-

trates rutting and the general texture of beach materials at La Turballe.

Fig. 11. Typical ru.ting at La Turballe Beach

The average water content of the soil at the foreshore was 4.2% percent,
and the average density 92.7* 1b per cu ft; on the backshore the average
water content was 3.1% percent, and the average density 91.4* 1b per cu ft.
The average slope of the beach (along the four test lanes) was 12.2 per-
cent.

Construction of test lanes

12. TFour test lanes, approximately 30 ft wide and varying in length
from 145 to 198 ft, were prepared at La Turballe as shown in plate L.

Lane 1 was surfaced with T1ll aluminum mat, lane 2 with PSP steel mat,

¥ These data were obtained at low tide.
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lane 3 with PSP steel mat underlain with Tl and T14 membranes, and lane k4
with M8 steel mat underlain with T1, T12, and Tl4 membranes. All mats were
placed with the long axis of the panels perpendicular to the center line of
the test lane, whereas each run of membrane was placed parallel to the
center line of the lane.

13. All surfacing meterials were placed by troops of the 89th Port
Construction Company of the 83rd Engineer Battalion (Const) with WES engi-
neers and technicians directing operations as required. The size of the
placing crew varied continuously throughout construction of the lanes, and
all data shown in reference to the placing rate of membrane and mat are
based on the average size placing crew. A majority of the military person-
nel used for placing the surfacing materials were experienced in placing
the PSP mat; however, they were completely unfamiliar with the M8 and Tll
mats and the membranes. On the test lanes where landing mat only was used,
it was placed directly upon the natural in-place subgrade. However, when
membrane was also used, the membrane was placed directly on the subgrade
and then landing mat was placed over the membrane. All materials were
placed by hand and carried into position from a storage area beyond the
backshore. Data concerning construction of all lanes at La Turballe Beach
are presented in table 1.

14, TILane 1. TLane 1 was approximately 166 ft long and surfaced with
the T1l panels (plate 4). Placement of this mat was started on the back~
shore at sta 0400 (an arbitrary selection) and was carried down the slope
of the beach to sta 1466, near the point of low tide. Considerable diffi-
culty was experienced in placing the mat because of binding in the side and
end connections which was sggravated further by sand which entered the con-
necting slots and by irregularities in the beach surface. The sand along
the backshore was very loose, and in the sliding of the panels together to
make the end connection, the sand clogged the connectors and made it neces-
sary to use considerable force to drive the panels into position. The
drive rivets normally used to prevent separation of the end joints were not
installed since the end connections were so tight. It rained almost con-
stantly throughout the preparation of this test lane, and members of the
placing crew tracked more sand onto the panels as they were placed. As mat

placement progressed down the beach, the placing rete increased somewhat
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lane 3 with PSP steel mat underlain with Tl and T1lh membranes, and lane L
with M8 steel mat underlain with T1, T12, end T14 membranes. All mats were
placed with the long axis of the panels perpendicular to the center line of
the test lane, whereas each run of membrane was placed parallel to the
center line of the lane.

13. All surfacing materials were placed by troops of the 89th Port
Construction Company of the 83rd Engineer Battalion (Const) with WES engi-
neers and technicians directing operations as required. The size of the
placing crew varied continuously throughout construction of the lanes, and
all data shown in reference to the placing rate of membrane and mat are
based on the average size placing crew. A majority of the military person-
nel used for placing the surfacing materials were experienced in placing
the PSP mat; however, they were completely unfamiliar with the M8 and T11
mats and the membranes. On the test lanes where landing mat only was used,
it was placed directly upon the natural in-place subgrade. However, when
membrane was also used, the membrane was placed directly on the subgrade
and then landing mat was placed over the membrane. All materials were
placed by hand and carried into position from a storage area beyond the
backshore. Data concerning construction of all lanes at La Turballe Beach
are presented in table 1.

14. Tene 1. Lane 1 was approximately 166 ft long and surfaced with
the T1l panels (plate 4). Placement of this mat was started on the back-
shore at sta 0+00 (an arbitrary selection) and was carried down the slope
of the beach to sta 1+66, near the point of low tide. Considerable diffi-
culty was experienced in placing the mat because of binding in the side and
end connections which was aggravated further by sand which entered the con-
necting slots and by irregularities in the beach surface. The sand along
the backshore was very loose, and in the sliding of the panels together to
meke the end connection, the sand clogged the connectors and made it neces-
sary to use considerable force to drive the panels into position. The
drive rivets normally used to prevent separation of the end joints were not
installed since the end connections were so tight. It rained almost con-
stantly throughout the preparation of this test lene, and members of the
placing crew tracked more sand onto the panels as they were placed. As mat

placement progressed down the beach, the placing rate increased somewhat
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because the sand was firmer and the beach surface smoother. In an effort
to further increase the placing rate, the two outer end-connector bars and
the center end-connector bar were omitted from all panels beginning at

sta O+24. The mat was placed on lane 1 at an average rate of 63.3 sq ft
per man-hour.

15. lane 2. Iane 2 was 198 ft long and surfaced with panels of PSP
(plate 4). Mat placement was started on the backshore at sta 0+00 and con-
tinued down the slope of the beach to sta 1+98. The PSP supplied for this
investigation was very difficult to place as it was in extremely poor con-
dition. The mat had been used extensively in previous NODEX operations and
many panels were bent and bowed; also, a large number of the bayonet side
connectors were bent or broken. In addition, the overall size of a number
of panels had been affected by corrosion. It was necessary to straighten
the panels with hand labor, wherever possible, in order to interlock them.
Inclement weather also reduced the placing efficiency of the crew, but no
other unusual difficulties were experienced in placing the mat, and the
irregularity of the beach surface did not affect placement of the mat.
Since the PSP has no end connectors, the panels were staggered about 8 in.
on alternate runs so that the end joints would not be in line throughout
the length of the lane. The PSP was placed at an average rate of 103.7
sq ft per man-hour.

16. lane 3. ILane 3 was 145 ft long and surfaced with PSP. The west
half of the lane was underlain with Tl vinyl-coated cotton duck, and the
east half with Tl4 neoprene-coated nylon (see plate 4). Prior to placement
of the membrane directly on the sand, ditches approximately 2 ft deep were
constructed across the ends of the lane at about the point of low tide
(sta 2400) and high tide (sta 0+50). As the membranes were placed they
were extended into the ditches, and the ditches were backfilled to anchor
the membrane at each end of the lane. At the sides of the lane, sand was
shoveled onto the membranes to anchor them in place. Fig. 12 shows a
portable rack constructed at the WES and shipped to France especially for
use in these tests. A roll of membrane was placed in the rack on a steel
rod which permitted the roll to rotate freely above the surface of the
beach, facilitated removal of the membrane from the roll, and at the same
time accelerated the rate at which it was placed on the beach. The
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Fig. 12. Portable membrane rack

membrane was positioned to allow the edges of each run to overlap by 12 in.

so that a continuous surfacing was formed, as shown in fig. 13. A crew of

Fig. 13. Membrane runs overlapped 12 in. on lane 3, ILa Turballe, prior
to placement of PSP
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eight men placed the membranes at an average rate of 1638 sq ft per man-
hour. TImmediately after placement of the membrene on the subgrade, PSP mat
was placed directly upon the membrane. Mat placement began on the fore-
shore at approximately low tide elevation and continued up the slope of the

beach to sta 0+50 (fig. 14). As mentioned earlier, the PSP was in very

Fig. 1k. PSP being placed on membranes, lane 3, La Turballe

poor condition because of use in previous NODEX operations. Some panels
were bowed and the bayonet side connectors were bent to such an extent that
it was necessary to straighten them before the panels could be placed sat-
isfactorily. Again it was necessary to stagger the panels so that the
panel ends would not be in line throughout the length of the lane. A crew
of 10 men placed the PSP at an average rate of 158.2 sq ft per man-hour.
The entire operation of placing mat and membrane on lane 3 was accomplished
at a rate of 144.3 sq ft per man-hour.

17. Lane 4. Lane 4 was 150 ft long and surfaced with M8 steel mat
underlain with Tl vinyl-coated cotton duck and T12 and Tl4 neoprene-coated
nylon (plate 4). The Tl material was placed on the west half of the lane
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between sta 0+50 and 1+70, and the T1l4 was placed on the east half between
the same stations. The 30-ft-square sewn panel of T12 membrane was placed
on the offshore end of the lane. Prior to placement of the membrane,
ditches approximately 2 ft deep were constructed across the ends of the
lane at sta 0+50 and 2400, and after placement of membrane they were back-
filled to anchor the membrane. Sand was shoveled onto the membrane along
the sides of the lanes for additional anchorage. Membrane placement began
at sta 2+00 and progressed up the slope of the beach to sta 0+50. The 30~
by 30-ft sewn panel of the T12 membrane first was unfolded and positioned
along the test lane between sta 2+00 and 1+70. Runs of Tl and T14 mem-
branes then were placed directly on the subgrade between sta 1+TO and 0450,
with the edges overlapped a distance of 12 in. Each membrane run also over-
lapped the sewn T12 section by 12 in. to form a continuous surfacing. The
sewn section and runs of membrane are shown in fig. 15. A crew of eight
men placed the membrane at an average rate of 1913.4 sq ft per man-hour.

The M8 mat then was placed directly upon the membrane beginning at sta 2400

Fig. 15. Sewn membrane panel and membrane runs on lane 4, La Turballe,
prior to placement of M8 mat
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and continuing up the slope of the beach to sta 0+50. This mat was ob-
tained from an Air Force depot in France and was received in good con-
dition, but the inexperience of the crew in placing this type of mat re-
sulted in a slower rate initially than expected. However, as the crew
gained experience, the rate of placement increased appreciably. The
number of half panels available was insufficient to permit staggering
the end joints of the mat throughout the test lane, and it was necessary
to stagger full panels a distance of approximately 6 ft. Eight men
placed the M8 mat at an average rate of 162.2 sq ft per man-hour. The
complete test lane was constructed at an average rate of 149.0 sq ft

per man-hour.

Traffic tests and per-
formance of test materials

18. Curves showing airfield cone penetrometer readings and corre-
sponding CBR values in each lane before and after traffic are shown in
plates 5 and 6; center-line profiles along the mat- and membrane-surfaced
lanes before and after traffic are shown in plates T-10. Examination
of the CBR curves shows that the initial average bearing capacity varied
appreciably along each lane and that the CBR increased considerably under
the accelerated traffic. Inspection of the center-line profiles shows the
overall compaction effect of traffic on the test lanes. It will be noted
that in most instances compaction of subgrade occurred along the inshore
portions of the lanes.

19. Lene 1. Preparation of lane 1 was completed on 21 May 1959, at
which time traffic was started. A total of 1000 passes with the DUKW and
the M51 dump truck were completed by the end of 26 May (see table 2). At
the beginning of traffic, the mat surface was generally smooth (photograph
1), but the mat was bridging some irregularities in the beach surface,
since no attempt had been made to grade the beach or seat the mat. 1In
addition, during high tide on the night of 20 May some erosion had occurred
along the western edge of the lane between sta O+84 and 0+91 where the last
run of mat had been placed that day. _

20. After 14 passes on 21 May with the DUKW loaded to 20,000 lb, it
was noted that a number of the mat end joints which were under water at the

offshore end of the lane had separated from 1 to 2 in. Traffic was stopped
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to close the end joints and to insert two drive rivets,* which had been
omitted purposely to expedite mat placement (paragraph 1l4). Traffic was
resumed on this lane on 22 May with the S-ton dump truck loaded to

30,000 1b and with a tire inflation pressure of TO psi; 390 passes were
applied on this date, and no further distress in the mat or subgrade de-
veloped at this time. The T1ll mat provided good traction for the test
vehicle at this time, as the truck was able to operate without difficulty
on the offshore end of the lane which was under 2 to 3 ft of water. During
the afternoon the rising tide produced waves about 3 ft high. The waves
caused the runs of mat on the offshore end of the lane to flex and
partially float.

21. On the morning of 23 May (after 404 passes), it was observed
that the outer seven runs of panels had become disengaged from the other
mats during the night. Three of the runs were partially buried in the sand
at the lower end of the test lane, and two of these had flipped over as
shown in photograph 2. The other four runs of panels were found at low
tide scattered over an area about 4O to 60 ft from the offshore end of the
lane and partially buried in the sand. In addition to the displacement of
these mats, considerable other damage was also noted at this time. A num-
ber of the drive rivets which had been inserted in the end joints after 1L
passes of traffic had sheared in the offshore portion of the lane, and
about 12 end joints between sta 0+90 and 1+20 had separated as much as a
foot. Sand had also been scoured under these separated end joints for a
depth of 8 to 10 in. (see photograph 3). All of the test lane below about
sta 0+60 was sloping from north to south (see plate 4) as sand had been dis-
placed under the south edge of the lane and deposited under the north edge.
Along the south edge of the lane near sta 0+65, sand was scoured to a depth
of about 2 ft (photograph 4). The general condition of the tracking lane
at this time is shown in photogreph 5.

22. Traffic was resumed on 23 Mey with the M51 truck loaded to
30,000 1b. The first mat failure under traffic occurred on the 4B8th pass

* A blind-type rivet used to prevent separation of end joints of the Tl1l
mat when this mat is used as airfield surfacing. Described in Waterways
Experiment Station Technical Report No. 3-461, Engineering Tests of Ex-
perimental T7T Magnesium and Modified Standard Steel Airplane Landing Mat
(Vicksburg, Miss., July 1957).
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that day (total of 452 passes) at an end joint which had opened about 5 in.
This allowed the splice-joint rivets along the middle of the panel to
shear at the separated end, causing the splice Jjoint to fail and producing
an upward concavity in the mat (photograph 6). Similar failures of the
splice~joint rivets occurred later at several other end joints.

23. During the remainder of the trafficking period, which ended on
26 May after a total of 1000 passes, the extent of separation increased at
partially open end joints, although there was no noticeable increase in the
number of joints so affected; also one additional run of mat had worked
loose at the offshore end of the lane. Photograph 7 shows the general con-
dition of the lane at completion of 1000 passes. Overall, the lane was in
poor condition, &although it was not considered failed, and traffic could
have continued longer by avoiding the separated end joints. Erosion along
each edge of the foreshore portion of the lane extended under the mat for 6
to 8 ft; however, in general, the mat in the center portion was in contact
with the beach throughout the lane as there had been little erosion in this
center area except where the end joints were separated. End joints on the
backshore portion of the lane did not separate at any time during traffic,
and the mat in this area was relatively undamaged with a smooth surface
appearance. Examination of plate 7 shows uniform settlement of most of the
mat, either from embedment of the mat or compaction of the subgrade or a
combination of both.

24, Iane 2. This lane was surfaced with PSP mat to afford a direct
comparison with the materials used on the other lanes. Preparation of
lane 2 was completed on 19 May, at which time traffic was started. A total
of 1000 passes with the M51 dump truck and the DUKW were completed by the
end of 25 May (see table 2). At the beginning of traffic, the mat surface
was generally smooth (photograph 8), and the lane was in good condition
although some of the individual panels were deformed from previous use as
described in paragraph 15. The mat was bridging irregularities in the
beach surface since no attempt had been made to grade the beach or seat the
mat, but the bridging was less pronounced on this lasne than on lane 1 be-
cause the PSP mat is more flexible than the T1l mat and tends to conform
better to the contour of the subgrade.

25. During the early stages of traffic, the mat began to deform and
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buckle at the ends (the PSP has no end connectors) and some of the bayonet
hooks were torn loose. In addition, sand was eroded from the upper fore-
shore portion of the lane and from under the extreme offshore end of the
mat. Much of the sand eroded from the upper foreshore appeared to be de-
posited on the lower portion of the lane. As more traffic was applied,

the mat continued to deform and after a total of about 600 passes, shallow
ruts had formed in the wheel paths. Also, a considerable number of spring
clips, used in the bayonet slots to prevent lateral slippage and disengage-
ment, had worked loose. Several panels at the offshore end of the lane had
become disengaged and partially overturned as a result of wave action (see
photograph 9). In addition, a considerable quantity of sand had eroded
from the upper foreshore, and from 8 to 10 in. of sand had been deposited
throughout the lower portion of the lane, except on the ocutermost runs

(see photograph 10). The erosion of sand under the mat caused slack in

the panels, and at several locations the mat had rolled or buckled up and
was bridging the subgrade. FPhotograph 11 shows the most pronounced example
of this condition which occurred at about sta O+95 where the mat was bridg-
ing the subgrade a maximum of about 10 in. along the edge of the lane. The
buckled panels tended to flatten under traffic.

26. At the conclusion of 1000 passes on 25 May, lane 2 was in poor
condition but it was not considered failed and traffic could have continued.
Photograph 12 shows the general condition of the lane at the end of the
test. The surface was much rougher than lene 1, primarily because of areas
where the end joints had buckled or the mat had rolled up, but there were
no holes in the mat surface in lane 2 as had developed on lane 1 where the
end joints separated. Examination of plate 8 shows generally uniform
settlement of the mat on the backshore, whereas considerable sand had de-
posited on the lower portion of the lane (between sta 1400 and 1+55). The
sharp rise shown in plate 8 at about sta 0495 is at the point of extreme
mat buckling described in paragraph 25.

27. lane 3. This lane was surfaced with PSP mat placed over Tl
cotton duck and T1lh nylon membranes. Preparation of the lane was completed
on 20 Mey, at which time traffic started. A total of 1000 passes with the
M51 dump truck and the DUKW were completed on 26 May. The surface of the
mat was fairly smooth at the beginning of traffic (photograph 13) and the
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lane was in good condition, although some panels were deformed from previ-
ous use. As traffic was applied, the panels in the tracking lane deflected
considerably, and since this mat has no end connectors, the ends of these
panels curled up above the adjoining panels. The combined effect of traf-
fic, tide, and wave action soon bowed and removed several panels near the
offshore end of the lane (photograph 14). Minor erosion occurred along the
southeast edge of the lane (photograph 15) but did not extend very far
under the mat as the underlying membrane protected the subgrade. As traf-
fic continued, the end curl of panels became more pronounced, and sand was
deposited on the lane during the rise and fall of the tide. Photograph 16
shows the lene after 450 passes and an exposure of four days to tidal and
wave action. The condition of the lane at the end of the test is shown in
photograph 17. Approximately 6 in. of sand had been deposited on the sur-
face of the mat at various locations, and near sta 1400 the lane was com-
pletely buried for a depth of 6 to 8 in. across the full width of the lane.
Lane 3 was considered in better condition at the end of the test than lane
2, and traffic could have continued indefinitely.

28. The mat was removed from the lane on 27 May 1959, and the mem-
branes were inspected for possible damage. The Tl4 membrane was not dam-
aged by the overlaid PSP mat, and there were no indications of puncture by
the bayonet side connectors (photograph 18). The Tl membrane was not torn,
but the bayonet side connectors had punctured the material at several lo-
cations (photograph 19). These punctures were not severe as the membrane
did not fail completely nor was the subgrade eroded beneath the membrane.
Examination of plate 9 shows that little change occurred in the elevation
of the inshore portion of the lane, but that considerable sand had been
deposited on the offshore portion.

29, Lane 4. This lane was surfaced with M8 steel mat placed over
the T1, T12, and Tl4k membranes. Preparation of the lane was completed late
on 21 May, and traffic was started the next morning. A total of 1000
passes with the MS1 truck and the DUKW were completed on 26 May. The sur-
face of the mat was very smooth at the beginning of traffic (photograph 20),
and the lane was in excellent condition. As traffic was applied, there was
no appreciable deflection of the mat panels under the vehicle wheel load as

was observed with the PSP mat on lanes 2 and 3. The end connectors of the
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M8 mat prevented development of end curl. After 450 passes, the riding sur-
face remained smooth and there were no significant changes in the condition
of the lane, nor had wave action overturned or disengaged any of the mat
Panels. Photograph 21 shows the lane after 1000 passes. Approximately 2
to 6 in. of sand had been deposited on the mat surface between sta 1+00 and
0+50, but all mat was considered to be still in very good condition.

30. The membranes were inspected immediately after removal of the
mat on 29 May, and there was no visible evidence of puncture or failure
thereof. Light crease marks were visible on the membrane surfaces where
the mat had been in contact (photographs 22 and 23). Anchorage of the mem-
branes was satisfactory as there were no indications of lateral slippage of
the membrane runs. Examination of plate 10 shows that except for the com-
Paction of the sand and settlement of the mat caused by vehicular traffic
toward the inshore end of the lane and upward displacement of panels at the
extreme offshore end, the test lane remained stable throughout the traffic

period.

Suscinio Beach Test Site and Tests

Location and de-
sceription of test site

31. Suscinio Beach is located on the Brittany coast of France ap-
proximately 35 miles northwest of St. Nazaire (plate 1). The overall test
site was about 370 ft wide and extended from the approximate point of low
tide to the dune area immediately beyond the backshore. Fig. 16 is a gen-
eral view of the test site prior to placement of membranes and landing mats.
Soil samples were taken at three locations at the test site (plates 11 to
13) and indicated that to a depth of 18 in. the beach material consisted of
a well-graded gravelly sand (SW). The average water content of the soil at
the foreshore was 3.4* percent, and the average density 104.4* 1b per cu ft;
on the backshore the average water content was 1.4* percent, and the aver-
age density 104.6% 1b per cu ft. The average slope of the beach (along the
four test lanes) was 7.5 percent. Compared to La Turballe Beach, the

Suscinio Beach has a firmer sand and flatter slope.

* Data obtained at low tide.
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Fig. 16. Suscinio Beach test site

Construction of test lanes

32. All surfacing materials were removed from La Turballe Beach upon
completion of tests there and transported to Suscinio Beach for additional
tests. Four test lanes, aepproximately 30 ft wide and varying in length
from 140 to 165 ft, were prepared at Suscinio as shown in plate 1li. Again
all mats were placed with the long axis of the panels perpendicular to the
center line of the test lane, and each run of membrene was placed so as to
be parallel to the center line of the test lane.

33. All the surfacing materials were placed on this beach by essen-
tially the same troops and WES personnel utilized at the La Turballe test
site (see paragraph 13). Again the size of the placing crew varied con-
tinuously throughout the construction of the lanes, and all data shown in
reference to the placing rate of membrane and mat are based on the average
size placing crew. In construction of the Suscinio test lanes, the same
procedures were used as had been used at La Turballe; i.e., where only

landing mat waes used, it was placed directly upon the natural in-place
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subgrade, and when membrane was used also, it was first placed directly
upon the subgrade and then the mat was placed over the membrane. All mate-
rials used in the construction of the test lanes at this site had been used
during the previous investigation at La Turballe; they were placed by hand
and carried into position from a storage aree beyond the backshore. Data
concerning construction of all lanes at Suscinio Beach are presented in
table 3.

34. Lane 1. Lane 1 was approximately 140 ft long and surfaced with
relatively undamaged penels of the experimental T1ll asluminum mat used in
the tests at La Turballe Beach (except for one panel as described in para-
graph 42). Placement of the landing mat began at sta 0+00 (an arbitrary
selection) at the approximate point of high tide, and progressed down the
slope of the beach to sta 1+40, thus allowing the entire test lane to be
subjected to the action of waves and fluctuating tide. Even though the
mat used on this lane had been used previously at La Turballe Beach and
difficulty was still experienced because of binding in the side and end
connections, it was much easier to place at Suscinio and the placing rate
was much higher. The major factors contributing to the increased ease and
rate of mat placement were: (a) a more experienced placing crew, (b) a
flatter longitudinal slope of the beach surface, (c) a relatively firmer
and smoother beach surface throughout the lane, and (d) improved weather
conditions during construction of the lene with a corresponding increase
in the efficiency of the placing crew. As at La Turballe Beach, the beach
surface on the foreshore at this site was firmer and smoother than that on
the backshore. All the mat on this lane was placed on the foreshore, and
although loose soil was encountered, it did not clog the connectors and it
was easier to meintain the opposing panels in the same datum plane to com-
plete the side connections. There was a light covering of gravel on the
surface of the foreshore of this beach, but it caused no major interference.
Drive rivets were placed in the end Jjoints during the mat placement as fol-
lows: four rivets at each end joint in the runs from sta 0480 to 1+lU0, and
two rivets at each end joint in the runs from sta O0+45 to 0+80. End-joint
rivets were not placed in any of the mat runs from sta 0+00 to 0+45 because
of a shortage of rivets. This mat was placed on the lane at an average

rate of 100 sq ft per man-hour.
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35. lene 2. Lane 2 was surfaced with the old PSP mat removed from
La Turballe Beach and was approximately 143 ft long (plate 1li). Mat
placing was started at sta 0+00 and continued down the slope of the beach
to sta 1+#3. The PSP mat was even more difficult to place on this lane
than at La Turballe Beach because a large number of penels had sustained
considerable additional* deformation during the tests at La Turballe.
However, the characteristics of the beach surface at Suscinio appeared to
have little effect in either increasing or detracting from the ease of
placement of the PSP. The panels on this lane were staggered about 8 in.
in alternate runs, as for the La Turballe tests, so that the end joints
would not be in line throughout the length of the lane. The PSP was placed
on this lane at an average rate of 89.4 sq ft per man-hour.

36. Lane 3. Lane 3 was 150 ft long and surfaced with PSP underlain
with T1 vinyl-coated cotton duck on the south half of the lane and T1h
neoprene-coated nylon on the north half (see plate 14). The same pro-
cedures were used to place and anchor the membranes as were used at
La Turballe. A crew of six men placed the membrane from sta 0400 to 1450
at an average rate of 1750 sq ft per man-hour. Immediately after placement
of the membranes was completed, the PSP was placed directly upon these ma-
terials. Mat placement began at the offshore end of the lane and extended
up the slope of the beach to sta 0+00. The PSP mat was in extremely poor
condition because of use in previous NODEX operations and in the tests at
La Turballe Beach. During the latter tests, numerous panels had become
bowed and bent, and it was necessary to straighten them before they could
be placed satisfactorily. When the mat was placed, several panels were
discovered to be damaged excessively and it was necessary to discard them
and carry additional panels onto the lane before placing could continue.
The panels were staggered approximately 6 to 8 in. to prevent the ends
being in line throughout the lane. A crew of six men placed the PSP at an
average rate of 166.7 sq ft per man-hour. The entire operation of placing
mat and membrane on the lane was accomplished at an average rate of
152.1 sq ft per man-hour.

37. Lene 4. Lane 4 was 165 ft long and surfaced with M8 steel mat

* Panels were already in poor condition prior to their initial use at
Le Turballe (see parasgraph 15).
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underlain with Tl vinyl-coated cotton duck and T12 and Tl4 neoprene-coated
nylon (see plate 14). The Tl membrane was placed on the south half of the
lane and the T14 on the north half of the lane between sta 0465 and 2+00.
The 30-ft-square panel (sewn) of T12 nylon was placed at the inshore end of
the lane between sta 0+35 and 0+65. The membranes were placed and anchored
by the same procedures used at La Turballe Beach (paragraph 16). The sewn
panel was carried onto the center of the lane and unfolded first across and
then along the lane. All membranes were placed by an eight-man crew at an
average rate of 1863 sq ft per man-hour. Fig. 17 shows the sewn panel and
membrane runs prior to placement of the M8 mat on the lane. Immediately
after the lane was surfaced with membranes, the M8 mat was placed directly
upon these materials beginning at the offshore end of the lane (sta 2+00)
and continuing to sta 0+35. Although the M8 mat had been used previously
in the tests at La Turballe Beach and had been removed and transported to
Suscinio for these latter tests, it was still in good condition with approx-

imately 95 percent of the panels being completely undamaged. (Most of the

Fig. 17. Sewn membrane panel and membrane runs on lane 4, Suscinio Beach,
prior to placement of M8 mat
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minor demage to the M8 panels had been inflicted by inexperienced field
troops during removal of the mat from the La Turballe Beach test lanes.)
The full mat panels were staggered a distance of approximately 6 ft to
prevent the panel ends from being in line. Eight men placed the mat at an
average rate of 170.2 sq ft per man-hour. The entire operation of placing
mat and membrane on the test lane was accomplished at an average rate of
154.0 sq ft per man-hour.
Towing tests

38. Prior to the beginning of traffic tests, towing tests were con-
ducted on lanes 1, 2, and 4 (surfaced with T1ll, PSP, and M8 msts, respec-
tively) and on the unsurfaced beach area between lanes 1 and 2 to determine
the comparative rolling resistance offered by the various surfaces. The
tests were performed by pulling the M51 dump truck (loaded to 32,900 1b, at
tire inflation pressures of 70 psi) over the different surfaces at a slow,
uniform speed. The M3k, 2-1/2-ton, 6x6 truck was used to pull the M51 for
all the tests performedgn the mat-surfaced lanes; however, the M34 did not
have enough power to tow the M51 on the unsurfaced beach and the winch of
an M62, 5-ton, 6x6 wrecker was attached to the front end of the M51 to pro-
vide the necessary power. The force required to pull the M51 over the dif-
ferent surfaces was measured by a 20,000-lb-cgpacity dynamometer attached
between the test vehicle and the towing vehicle. A Brush universal ana-
lyzer and a Brush direct-inking oscillograph were used to measure and
record the data. Average values of the forces required to keep the test
vehicle moving up the beach slope at a uniform speed on the various sur-
faces were considered representative for the specific purposes of these
tests since the slopes of all the surfaces were so nearly equal.

39. The average towing force in pounds required to pull the test

vehicle over each surface was as follows:

Type Surface Lane No. Slope, % Towing Force, lb
T1l mat 1 8.3 3,8k0
PSP mat 2 8.1 4,200
M8 met h 5.6 3,158
Unsurfaced beach - 8.2 19,435 (area of low tide)

10,900 (area of high tide)

It will be noted that the unsurfaced beach offered considerably more
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rolling resistance under the conditions of these tests than any of the
other surfaces, and the M8 mat offered the least rolling resistance. Two
values are shown for the unsurfaced beach tests, because two distinct and
different soil conditions were encountered in the tests. The material in
the lower portion of the foreshore was relatively coarse and loose
(fig. 18), and the maximum depth of rutting was 1l in.; the material far-
ther inshore on the beach was finer (fig. 19), and the maximum depth of
rutting was 8 in. Mat damage was not sustained in any of the towing tests.
Traffic tests and per-
formance of test materials

40. Plates 15 and 16 show field CBR values in each lane before
and after traffic. The data show that, in general, the bearing capac-
ity of the subgrade in each lane decreased considerably under the accel-

erated traffic. No explanstion is apparent for this reversal of the
trend noted at La Turballe Beach (paragraph 18) other than the fact that,
as explained subsequently, & storm struck the Suscinio Beach area after
completion of most traffic and prior to measurement of final CBR values.
The violent action of the waves and tides caused considersble changes in
the average water content, density, CBR, etc., of the Suscinio Beach mate-
rials from the values obtained just prior to start of traffic. Plates 17
to 20, inclusive, show center-line profiles taken along each surfaced lane
before and after traffic. These data indicate that the overall compaction
effect of the traffic on the lanes was minor in most instances, with no
appreciable change in slopes.

41, Lane 1. Preparation of lane 1 was completed on 1 June, and
traffic was started on 3 June. A total of 1000 passes with the M51 dump
truck and DUKW were completed on 8 June (see table 4). At the beginning
of traffic the mat surface was generally smooth (photograph 24). The mat
was bridging the beach intermittently throughout the lane since no attempt
had been made to grade the beach or seat the mat, but the bridging was con-
siderably less pronounced than at La Turballe because the surface of
Suscinio Beach was smoother except for the sparse areas of gravel. In con-
trast to conditions experienced during the Ia Turballe tests, there was no
erosion of consequence along the edges of this lane at the beginning of
traffic. Although the mat on this lane had been used in the La Turballe



Pig. 19. TFine material on backshore, Suscinio Beach
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tests, it was in good condition and there were no breaks or rivet failures
(except for one panel as described in the next paragraph).

42, After 40 passes, some of the end joints started separating be-
tween sta O+40 and O+49 near the point of high tide. As mentioned in para-
graph 34, drive rivets were not placed in runs from sta 0400 to O+45 during
mat placement because of a shortage of rivets, but the runs from sta O+45
to 0480 had two rivets per end joint inserted before traffic. These rivets
had sheared in the mat runs to sta O+li9 after the first UO passes. The
runs of panels where the end joints were separating were a few inches under
water at this time, and the traffic vehicle was passing over this area
while it was under water. With each pass of the truck, the joint separa-
tion increased. On the 200th pass a panel at sta 0+85 failed by shearing
the splice-joint rivets along the entire length of the panel (photograph
25). This panel had been used in the La Turballe tests, and the splice-
joint rivets had been sheared for a length of about 4 ft prior to use at
Suscinio. The panel was replaced after 40 additional passes.

43. During the remainder of the trafficking period, the number of
end-joint separations increased (including joints with two and four rivets
per joint), as did the extent of joint separation. Sand was pumped through
some of the separated joints near the offshore end of the lane and depos-
ited on the mat; this caused rutting toward the end of the test. In addi-
tion, erosion occurred along the south edge of the lane. A storm during
the night of T June prior to completion of traffic disengaged one panel
but did not cause any other appreciable damage to the lane. FPhotograph 26
shows the general condition of the lane near the offshore end after 1000
passes; photograph 27 shows the maximum end-Jjoint separation of about 30 in.
Overall, the lane was in poor condition because of the separated end
joints and the rutted areas at the offshore end of the lane. However,
there were no mat breaks or failures of splice-joint rivets, and traffic
could have continued for an appreciasble period under the existing condi-
tions by straddling the separated end Jo‘ints. Examination of plate 17
shows that there was some settlement of the mat along the upper portion of
the lane.

i, lane 2. This lane was surfaced with the obsolete PSP mat used
in previous NODEX operations and at La Turballe. Preparation of the lane



was completed on 1 June, and traffic was started om 3 June. A total of
1000 passes with the M51 truck and DUKW were completed on 6 June (table 4).
At the beginning of traffic, the mat surface on this lane was generally
smooth (photograph 28, and in good condition, although & considerable num-
ber of the panels were deformed from previous use. The mat bridged the
beach intermittently throughout the lane since no attempt had been mede to
grade the beach or seat the mat. However, the bridging was less pronounced
than that experienced on test lane 2 at La Turballe (paragraph 24).

45, fThe mat panels began to deform and buckle at the ends during the
early stages of traffic, but no major damage occurred during the first 200
passes (see photograph 29). However, after 350 passes, minor rutting
occurred in the tracking leane. Also, the buckling of the panel ends had
increased, and some of the spring clips were loosened in the side connec-
tions. During the remainder of the test, the buckling of the end Joints
increased a)preciably, as did the rutting of the panels under the load
wheels.

6. At the conclusion of 1000 passes, the lane was in very poor con-
dition (see photograph 30), but traffic could have continued. The surface
of this lane was much rougher than that of lane 1 because of disengagement
of panels at the side connections and general mat deformation. Some panel
ends were curled upward about 12 to 15 in., and numerous spring clips were
dislodged. Examination of plate 18 shows the extent of settlement of the
mat. ‘

47. fThe traffic tests were concluded on 6 June, but the mat on this
lane was left intact and exposed to the action of waves and fluctuating
tide until it was removed on 9 June. Violent rain squalls occurred through-
out the afternoon and night of 7 June with the ocean becoming very rough;
the next morning it was observed that additional material had been eroded
or deposited at various locations throughout the lane. It was also noted
that several PSP panels without spring clips had become disengaged.

48. Lane 3. This lane was surfaced with PSP mat underlain with Tl
cotton duck and Tlh nylon membranes. Preparation of the lane was completed
on 2 June, and traffic was started on I June. A total of 1000 passes with
the M51 truck and the DUKW were completed on 8 June. As shown in photo-
graph 31, the surface of the mat was fairly smooth at the start of traffic,
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although some panels were deformed from previous use. As traffic first was
applied, some spring clips dislodged and a few panels deformed. However,
after 200 passes the surface of the lane was still relatively smooth (photo-
graph 32). As traffic continued, panel curl and deformation increased and
the mat surface became wavy} however, no major failures had developed by
the end of the test, and traffic could have continued. This lane was con-
sidered in better condition at the end of the test than lane 2.

49. During the storm of 7 June 1959 mentioned in paregraph 47, panels
in lane 3 were flipped back and forth in areas where spring clips had been
dislodged. Photograph 33 shows a section of PSP mat which was disengaged
near the'offshore end of the lane and rolled back by the wave action. Some
of the membranes were also displaced as shown in photograph 34. However,
the membranes were not damaged by the waves or punctured by the mat. Sev-
eral panels farther inshore, with spring clips dislodged under vehicle traf-
fic, were also disengaged by wave action and deposited on the lane as shown
in photograph 35. Plate 19 shows the extent of settlement of the mat on
lane 3. The sharp break in slope bgtween sta 110400 and 120400 represents
the displacement of the mat in this area during the storm just described.

50. Lane 4., This lane was surfaced with M8 mat placed over Tl1, T12,
and Tl4 membranes. Preparation of the lane was completed on 2 June, and
traffic was started on 4 June. A total of 1000 passes with the M51 truck
and the DUKW were completed on 6 June. The surface of this mat was smooth,
and the lane was in good condition. As traffic was applied, there was no
visible deflection of panels under the vehicle wheel load. After 200
passes the riding surface was relatively unchanged, and there were no indi-
cations of permanent deformation of the mat, failure of the membranes, or
erosion of the subgrade. The condition of the lane remsined practically
unchanged throughout the test with the exception that several runs of mat
became buried at the offshore end of the lane (see photograph 36) under the
action of the DUKW's which operated on the lane while this portion of the
mat was submerged. Plate 20 indicates the extent of settlement of the mat
during the test. The storm which developed during the night of T June
after completion of traffic deposited additional sand upon the lane and
overturned five or six runs of mat at the offshore end of the lane (photo-
graphs 37 and 38).
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PART III: DISCUSSION OF RESULTS

51. The results of the tests at La Turballe and Suscinio Beaches on
the four landing mat-membrane surfacing systems utilized in this investiga-
tion (Tll mat, PSP mat, PSP mat underlain with membrane, and M8 mat under-
lain with membrane) are discussed in the following paragraphs. In eval-
uating these results it should be kept in mind that these items were de-
signed primarily for use as expedient surfacing materials on airfields
rather than on unprepared beaches subject to tidal and wave action. From
past experience it is known that these systems will sustain the test loads
satisfactorily on dry areas or on areas not affected directly by tidal
action.

T1l Aluminum Mat

52. The test results indicate that the T1ll mat is unsatisfactory for
use as a beach surfacing subject to the action of waves and fluctuating
tides, although the lanes surfaced with this mat were operational through-
out the entire period of testing and the trafficability potential of the
beaches was improved at both sites. The T1ll mat was difficult to place and
interlock at both test sites, particularly on the inshore portion of the
lane at Ie Turballe Beach. The difficulties experienced in this phase of
the investigation alone normally would preclude further consideration of
this item as a surfacing for unprepared beaches. However, the Tll mat is
still in the development stage, and the connections used for interlocking
the present panels are not the ultimate for this design.

53. The most severe problem encountered with the T1l mat during
traffic was separation of the end joints. Numerous Joints separated at
both sites, even though the joints were tight and difficult to close during
preparation of the lanes. This condition impeded traffic operations to
some extent since it was necessary for the test vehicles to straddle the
openings. Also, considerable erosion of the underlying beach occurred
under the opened joints, particularly at la Turballe, resulting in failure
of the splice-joint rivets near the separated ends. It is believed that
most of the separation resulted from excessive deflection of the end
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Joints during traffic while the mat was under water and partially floating.
The Tll panels are light solid surfaces, and these surfaces produce buoy-
ancy which causes considerable fluctuation of the panels exposed to the
action of waves and tides. End-joint separation was not experienced with
the panels on the backshore of the lane at La Turballe Beach, nor on other
portions of either lane from traffic while the panels were above water and
substantially supported by the beach. Although the effects of the sepa-
rated end joints were limited throughout the tests at both sites because
of the outstanding structural strength of T1l panels and the effort made
to have the test vehicles straddle openings, it is believed that condi-
tions of this type would be detrimental during actual emergency offshore
discharge operations.

54. In towing tests at Suscinio, the Tll mat offered considerably
less rolling resistence than the unsurfaced beach, as the average towing
capability over the beach was increased approximately four times by the

use of the mat.

PSP Mat

Without membrane
55. The test results indicate that PSP mat is not satisfactory for

use as a beach surfacing subject to the action of waves and fluctuating
tides, even though the PSP lanes were operational throughout the entire
period of the tests and improved the trafficability potential of the
beaches. The lanes at both test sites were in poor condition at the con-
clusion of the tests because of deformetion of the mat, erosion of the sub-
grade, and disengagement of the panels at the side connection. The PSP mat
sustained considerably more deformation than the T1ll mat under the vehic-
ular traffic, since the structural strength of the PSP is considerably less
than that of the Tll. However, the PSP mat probably would have sustained
appreciably less damage than it did if it had been in good condition prior
to its use in these tests.

56. Since the PSP is, as the name implies, a pierced-type surfacing,
considerable erosion of the subgrade occurred beneath this mat under the
action of the waves and fluctuvating tide. However, the effect of the
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erosion appeared to be more pronounced at the La Turballe Beach site where
the erosion of material in the test lane created slack in the mat which
caused it to roll up or buckle under the action of waves and fluctuating
tide. The erosion of the subgrade under the lane at Suscinio Beach was
more uniform and caused the mat to bridge the subgrade in numerous places
and sustain increased deformation under the effects of the vehicular traf-
fic. An appreciable amount of sand was deposited on the surface of the PSP
mat by the tide at both test sites, either from erosion of soil at the
upper limits of the lane or from adjacent unsurfaced areas; the soil re-
mained on the surface of this mat, whereas no soil remained on the solid
surface of the Tll mat at low tide. This deposition of sand on the surface
of the PSP mat reduced the traction provided by the mat and caused the
tires on the test vehicles to slip at various locations until ruts had been
formed through the sand to the mat surface. This problem of deposition of
soil on the surface of the PSP mat was considerably more pronounced on the
La Turbelle Beach lane, probably because of the steeper slope and the ex-
tremely loose soil surface. The action of the waves and fluctuating tide
disengaged and overturned panels in each lane, especially where the spring
clips had become disengaged from the side connections. The test results
indicate that the PSP mat like the Tll mat is too light and buoyant for
satisfactory use as a beach surfacing subject to the action of waves and
fluctuating tides. The Tll mat is more buoyant than the PSP mat; and since
the PSP mat is pierced, it is less affected by the action of the waves than
the solid T1ll mat. Therefore, except for erosion, the PSP will resist the
direct action of the waves and fluctuating tide better than the T1l mat.
The T1l mat prevents erosion of the subgrade better than the PSP mat be-
cause it is a solid surfacing.

57. The PSP mat offered considerably less rolling resistance than
the unsurfaced beach in the towing tests as the average towing capability
over the beach was increased approximately 3.5 times by the use of the mat.
With membrane underlay

58. The overall performance of the PSP mat was improved vhen it was
Placed over membrane. The latter prevented erosion of the subgrade under-
neath the PSP by waves and tides and thus reduced the extent of panel end
curl and deformation. Otherwise, the performance of the mat was about the
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same as without membrane placed underneath. The neoprene-coated nylon mem-
brane (Tlk) placed beneath the PSP mat was not punctured or torn by the
mat. However, the No. 8 cotton duck vinyl-coated membrane (Tl) was
punctured and torn by the bayonet side connectors. These perforations in
the Tl membrane were not considered severe as erosion of the subgrade did
not occur beneath the mat. Placing the ends of the membranes in backfilled
ditches at the ends of the test lanes and the weight of the overlying mat
panels provided adequate anchorage of the membranes. The storm at Suscinio
Just prior to completion of traffic caused considerable damaege to the mat
and displacement of membranes near the offshore end of the test lane.

M8 Steel Mat with Membrane Underlay

59. The M8 mat underlain with membrane was the most satisfactory sur-
facing tested, as the surface of the mat remained smooth and relatively
unaffected throughout the test period. The panels were observed to deflect
slightly under vehicle wheel loads, but the traffic did not produce any per-
manent deformation. Because of inexperience in placement of the M8 mat,
field troops did not achieve a high placement rate per man-hour. Neverthe-
less, the M8 mat was placed faster than the PSP mat which the troops had
Placed previously on numerous occasions. Several mat panels were damaged
when removed from the La Turballe test lane for transporting to the
Suscinio test site. This damage was caused when panels were driven apart
with sledge hammers before locking lugs were properly disengaged from adja-
cent mat panels. Because of the weight and configuration of the M8 mat,
normal wave action which occurred during the test period at each test site
had no apparent detrimental effect on the mat. However, the storm which
occurred after completion of traffic did overturn several runs of mat at
the offshore end of the laene. Towing force tests indicated that the M8 mat
increased the average towing capability over the beach approximately five
times.

60. Membranes placed beneath the M8 landing mat performed satisfac-
torily at both test sites. There was no evidence of scuffing, abrasion,
puncture, or deterioration of the membranes placed heneath the M8 mat after
the period of traffic tests, although slight indentations were visible on
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the membrane surfaces. The 12-in. overlap of membrane runs provided ade-
quate protection of the subgrade from waves and fluctuating tide. Although
erosion occurred along the sides of the lanes, the membrane prevented it
from extending appreciably under the test lane. Sewn Joints of the T12
neoprene-coated nylon membrane test panel remained intact throughout test-
ing at both test sites. The sewn membrane panel was a more rapid means of
placing and removing membrane.
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PART IV:

SUMMARY OF RESULTS, CONCLUSIONS, AND RECOMMENDATIONS

Results

61. Results of these tests indicate that the combination of M8 steel
landing mat underlain with membrane was the most satisfactory surfacing ex-
pedient investigated. The other types of surfacing sustained 1000 passes
of accelerated traffic but the effect of tides, waves, and traffic resulted
in displacement and deformation of panels in some areas. The following

specific results were obtained.

Membranes
62. a.
BI
c.
2.
El
Lending mats
63. a.
BO
El
g.
e.

All membranes performed satisfactorily beneath the PSP and
M8 landing mats except that the No. 8 cotton duck, vinyl-
coated membrane (Tl) was punctured by the bayonet side
connectors of the PSP.

Membrane runs which overlapped 12 in. protected the sand
subgrade beneath the lending mats from the erosive forces
of waves and tide.

Placing the ends of the membranes in backfilled ditches at
each end of the test lanes plus the weight of the overlying
mat panels provided adequate anchorage of the membranes.

The sewn membrane test panel was placed and removed more
rapidly than the rolls of membrane, and the Joints remained
intact throughout 1000 passes of vehicular traffic.

The portable membrane rack facilitated unrolling the mem-
brane rolls and accelerated the rate at which the runs of
membrane were placed on the beaches.

The M8 was the most satisfactory mat tested as it was rela-
tively unaffected by waves, tide, and accelerated vehicle
traffic.

The T1l aluminum landing mat was difficult to place and
interlock at both test sites.

Numerous end joints of the T1l aluminum mat became separated
under the combined action of vehicle traffic, waves, and
tide. After separation of the end joints, waves and tide
caused erosion of the subgrade beneath the mat.

Vehicle traffic caused considerable panel deformation and
end curl on the PSP mat.

Wave action caused several runs of the Tll and PSP mats to
disengage at the side connections, whereas the M6 mat was
not so affected.



The PSP landing mat was placed easier and faster on mem-
branes than on the unsurfaced sand beach.

The towing capability over the beach was increased about
three to five times by the use of landing mat.

Conclusions

64. Based on the results of this study, the following conclusions
are believed warranted:

-a-'

Q.

_e_.

£.

65. In
mended that:

a.

b.

All the types of portable surfacing tested improve vehicle
trafficability across the beach test sites. Vehicle traf-
fic alone causes very little damaege to the surfacing
materials.

The M8 is the most satisfactory landing mat of those
tested for increasing the trafficability potential of
beaches.

All landing mats tested increase the towing force capabil-
ity of vehicles on sand beaches.

All surfacing materials tested can be rapidly placed,
removed, and reused on beach areas by field troops.

Neoprene-coated nylon membranes perform best beneath the
landing mats tested.

Wave heights in the order of 5 ft will overturn and
disengage Tll and PSP panels.

Recommendations

view of the findings presented in this report, it is recom-

The M8 steel landing mat (with or without membrane under-
neath) replace the PSP mat in future offshore discharge
operations.

39

A study, which would include laboratory and prototype tests,

be conducted to determine the feasibility of developing a

special beach surfacing expedient. Effects of waves, tides,

beach slopes, materials, etc., should be investigated.
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Table 2

Summary of Vehicle Traffic, Ia Turballe Beach

Infla- Passes of
tion Vehicle
Type of Gross Pres- on
Surfacing 1959 Vehicle Load sure* Indicated Total
Lane Materials Date Traffic 1b psi Day Pagses Remarks
1 T11 alumi- 21 May DUKW 20,000 25 8 Completed 21 May
num met DUKW 20,000 4o 6 1
22 May  M51 30,000 T0 390 Lok
23 May M51 30,000 70 86 L9o
25 May  M51 34,000 T0 161 651
26 May  M51 34,000 T0 3ko 1000 Exposed to tidal
action for
8 days
2 PSP mat 19 May  M51 34,000 T0 23 Completed 19 May
DUKW 20,000 25 4 27
20 May  M51 34,000 T0 260 287
21 May M51 34,000 T0 184
DUKW 20,000 25 20 ko1
22 May  M51 30,000 T0 122
34,000 T0 50 663
23 May M5l 30,000 T0 26
DUKW 20,000 25 20 T09
25 May M51 34,000 T0 291 1000 Exposed to tidal
action for
9 days
3 PSP mat 20 May M51 3h4,000 T0 200 Completed 20 May
underlain
with T1 22 May  M51 34,000 70 190 390
and T14
membranes 23 May M51 34,000 T0 12
DUKW 20,000 25 20 ka2
25 May M51 34,000 TO 27h
DUKW 20,000 25 20 716
26 May  M51 30,000 T0 284 1000 Exposed to tidal
action for
8 days
4 M8 mat 22 May  M51 34,000 TO Los Completed 21 May.
underlain Sewn panel (30
with T1, 23 May M51 34,000 T0 177 ft by 30 ft) of
T12, and DUKW 20,000 25 20 602 the T12 membrane
T14 mem- placed between
branes 25 May  MS1 30,000 T0 200 sta 2400 and
DUKW 20,000 25 20 822 1+70
26 May  M51 34,000 70 178 1000 Exposed to tidal
action for
8 days

# Front and rear wheels.
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Table L

Summary of Vehicle Traffic, Suscinio Beach
Infla- rIesses of
tion Vehicle
Type of Gross Pres- on
Surfacing 1959 Vehicle Ioad sure* Indicated Total
lane Materials Date Traffic 1b psi Day Passes Remarks
1 Tl alum- 3 June M51 32,900 70 240 Completed 1 June
inum mat
5 June M51 32,900 TO 300 sko
6 June  DUKW 20,000 25 110
DUKW 14,670 25 60
M51 32,900 TO 50 T60
8 June M51 32,900 TO 2ho 1000 Exposed to tidal
action for
9 days
2 PSP mat 3 June M51 31,280 70 200 Completed 1 June
4 June M51 31,20 70 150 350
5 June M51 314,240 7O 520 870
6 June DUKW 20,000 25 TO
DUKW 14,670 25 60 1000 Exposed to tidal
action for
9 days
3 PSP mat L June M51 32,900 7O 500 Completed 2 June
under-
lain 5 June DUKW 20,000 ko 160
with T1 DUKW 14,670 Lo 4o 700
and Tk
mem- 6 June DUKW 20,000 25 105 805
branes
8 June M51 32,900 TO 195 1000 Exposed to tidal
action for
8 days
L M8 mat b June M51 31,240 7O 380 Completed 2 June
under=-
lain 5 June  DUKW 20,000 4o 180
with T1, DUKW 14,670 4o ko 600
T12, and
Ti4 mem- 6 June M51 32,900 TO 400 1000 Exposed to tidal
branes action for
8 days

*# Front and rear wheels.
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Photograph 1. T11l aluminum mat on lane 1, La Turballe, prior to traffic

Photograph 2. Overturned panels at offshore end of lane 1, La Turballe,
4ol passes



[

Fhotograph 3. Scour under separated end joint of lane 1, La Turballe,
Lok passes

Photograph 4. Scour along south edge of lane 1, La Turballe, LO4 passes



Photograph 5. General view of lane 1, La Turballe, 404 passes

Photograph 6. Splice-joint failure in T1l mat, lane 1, La Turballe,
452 passes
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, La Turballe, 1000 passes

General view of lane 1

Photograph T.

%

3
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S

PSP on lane 2, La Turballe, prior to traffic

Fhotograph O.
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Photograph 9. Disengaged panels at offshore end of lane 2, La Turballe,
600 passes

Photograph 10. Deposition of sand on lane 2, La Turballe, 600 passes



Photograph 11. Buckled-up mat on lane 2, ILa Turballe, 600 passes

Photograph 12. General view of lane 2, La Turballe, 1000 passes



Photograph 13. PSP underlain with membrane on lane 3, La Turballe,
prior to traffic

Photograph 14. Disengaged panels at offshore end of lane 3, La Turballe,
390 passes
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General view of lane 3, La Turb
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Photograph 17. General view of lane 3, ILa Turballe, 1000 passes

Photograph 18. T1k nylon membrane on lane 3, L& Turballe, 1000 passes



Photograph 19. Tl cotton duck membrane on lane 3, La Turballe, 1000 passes

Photograph 20. MO mat underlain with membrane on lane 4, Ia Turballe,
prior to traffic



Photograph 21. MS mat on lane 4, La Turballe, 1000 passes

Photograph Z2. Tl cotton duck membrane on lane h, Iz Turballe, 1000 passes
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Photograph 24, T1l aluminum mat on lane 1, Suscinio, prior to traffic



Photograph 25, Failure of splice-joint rivets in T1l mat, lane 1, Suscinio,

Photograph 26.

200 passes

e

Offshore end of T1ll mat, lane 1, Suscinio, 1000 passes



End-joint separation in TLl1 mat, lane 1, Suscinio,

Photograph 27.

1000 passes
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PSF on lane 2, Suscinio, prior to traffic

Photograph 28.



Photograph 29. PSP on lane 2, Suscinio, 200 passes
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Photograph 30. General view of PSP on lane 2, Suscinio, 1000 passes
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Photograph 33. Disengaged section of PSP mat near offshore end of lane 3,
Suscinio, 1000 passes (after storm)

Photograph 34. Displaced membranes near offshore end of lane 3, Suscinio,
1000 passes (after storm)



Photograph 35. Disengaged panel of PSP mat on inshore portion of lane 3,
Suscinio, 1000 passes (after storm)

Photograph 36. M8 mat placed over membrane, lane 4, Suscinio, 1000 passes



Photograph 37. General view of M8 mat placed over membrane, lane L,
Suscinio, after storm
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Photograph 38. Close-up of M8 mat placed over membrane, lane 4, Suscinio,
after storm



SUILIWOTIN
[ e Smems  smemms i)
o9 0% Oy o0oc 02 o ° ol =

S37Vv2S

dVN NOILvIOOT e
mmmm e e o

3IVEENL v

mmmmmm

PLATE |

nnnnnnn

2222222222222

oooooo

Siyvd
N

z 2 =
= =T Pl | P
_______ B et
T A S I I T T =T e
T ST ST o o e | i
SIo T SRS S S e e
ST T ST e T A S I g S e o
e TS T e T S N ST
T ST T T S I NS T T =
N e e e
_—— = == -
~ N T e T Pttt
e e S gl | [
T ST | R
5 e ==
P o= S
= == o=
= P
T
e = |
= = e e = S
T e s e e
T T e
AVH 31 s e e e e e
s e ]




JHOHSMOVE8 HOv3Aa 3171vaednl v

6561 AVA

JAHND NOILvaveo AGNV$S NNIG3N Q3AaVHO ATHOOd - ds »8i0
GNV v.1Vva NOILYOIISSYT1O NOLLYDIAISS Y1 1 | e |y [RRLASY H1d3g I
I3 I AEL 3Suv0d N4 3Suv0d
AVID WO 1S _ L ai I
I ONVS 1 13AVYD
SHILINTUN NI 3ZIS NIVED
1000 5000 100 $00 10 so i s ol os [
oot = 0
/{

os ™ oi

oe 0z

oL o€
B
Ed m
s b
Z o9 or Q
- z
o S

-

m os os &
m n
»
® 2
£ or oo &
g g
£ 3
-

ot oL

oz / os

ot /A oe

° il b 1 il _/ A 1 Wilge)

00Z Ovl 001 OL 05 O¥ OE 0Z 9 ¥ Oi y € ¥ F ooz €
YILINOHAAH SYIGNNN 3AJIS Q1SS N SIHINI NI SONINIJO IAIS Q1S $ N

PLATE 2



6561 AVW

FHOHSIHO4 HOV3E 3111vadnl v

GNVYS 3S4VYOD OL

YILINOYAAH

SHIGWNN 3AJIS ALS's N

SIHONE NI SONINIQO 3A3IS QLS $'N

JIAHND NOILYAVHO WNIA3W Q3AVHO ATTHOOd - d§ *8L=0
ANV V.ivd NOILVOIdISSVT1O NOLLYDLIISSVID va | e | (RGN Hid30 WIWNON
N WHA3IN 3SWY0D INIJ 3SHYO0d
AVID WO 171S | 1 1
anNvs 13AVYS
SHILINITUAN NI 3ZIS NIVHD
1000 $000 100 S00 10 S0 1 01 0% 001
(147} 0
.

o] 3 [+]]

og oz

oL o€
a
» m
o) b
2 o9 or o
- k4
o -
3 2
3o os &
g 1\ :
o / 2
: £
£ OF %9 m
5 \ g
¢ 3
3 \

ot = r oL

oz /M oe

o1 / ]

N
N
1 L | 1 4 1 M ] 1 1 fl 1 1 00
o f
00Z O 00i 0L 0§ OF OE 02 9 ¥l O 0 € K2 F 12 €

PLATE 3



6561 AV
HOv3g 371vadNnl v

S3NVT 1S31 40 LNOAVT 175 1571 INVIGRITH~IvI SNiONVT 70 SLIAIT
627
e ] 0% oF 05 ~0F 3 o
.u 0042
e o6+1
T .
— 0§+
3011 MO
30 LNIOd 3LVHNIXOYddY & P/ LSS L — 004!
3011 HOKH
40 INIO JAVNIXOSdDY Mg .
T3INVD INVEENIN NMIS
Wi N RO o B -
SNNY INVHENIN X
ML v TONn Lo B XA .
C
svo avn [T XS .
[YELER] o % T 05+0 —jos+e
/ —Joo+o
- SINVUENIN
N 1L NV
‘it Gl SINVHENIN
HilM ¥IL GNV 11
NIVIN3ONN HLIM
1N NIVIN3ONN YN LVN
9331s en 1YW dSd dsd At
¥ 3NV ETLAl EDLAl 13NV

PLATE 4



AIRFIELD CONE PENETROMETER READING
[ 7 8 9 10 t 12 13 14 15
T T T T 1 T T 1

I
~

DEPTH IN INCHES

°
n
IS
o
®
o
g
S
o
&

CBR

LANE |

AIRFIELD CONE PENETROMETER READING
2 3 4 S [ 7 8 9 10 1] 2 13 14 15

SURFACI T T T T T T T T T T T

A,/%: =
,/ g
) P
/x:// Afr //

DEPTH IN INCHES

CBR
LANE 2
LEGENOD
————— BEFORE TRAFFIC
—_ AFTER TRAFFIC CBR

8 ot orse BEFORE AND AFTER
v aTa 40 TRAFFIC
LANES | AND 2

LA TURBALLE BEACH
MAY {959

PLATE 5



AIRFIELD CONC PENCTROMEITER READING
suns 4 [ Y ) 7 [ ] 10 1" 12 13 14 13
T ™77 T T -1 T T T
\ [~
N,
\ ‘4\ ——
g .k \‘ \g\ \\ —— - K
. ™~
i AN \\ ~a. \\\. \J\
£ \ T~ [~
b \
2 L T~ ] -
\ ““b\.\
~ TN
- {#\ \N‘np
N o \\1
b ~
4 ] 10 2 14 1]
cBR
- LANE 3
AIRFIZLO CONE PENETROMETCR READING
L 23 & s e ? » » 0 1 12 13 4 13
M"K T T T T \ l'f T T T T
 —
—
. ‘_\L \ P
e A
i . \§ \‘- B N ™
~ b
: k s s e S [ e O
£
8 llf \\ \w‘\ T e
~J. N N
\\ \.g\_‘\ \\
. N e \1\\\
~
3 BN
4 o [ 10 1 ) }
cam
LANE 4
LESEND
- :;p““‘ TRAPFIC CBR
. T oo BEFORE AND AFTER
3 e TRAFFIC
LANES 3 AND 4
LA TURBALLE BEACH
MAY 1059

w
a -
B Y

PLATE S



%8I AVN
HOVY3E 3Tveuni v NsavuL WILaV
1 ANV NIIVEL IUWOIIY e e
SINI0Ud 3ININ-HILNID YEL)
4334 NI FINVLEIA ]
o2 002 o osl ovl oz 00t (-] 09 ov 0z [

o€

g

(.4
/
Z’I

!
SIAN A¥
QINW W50 L
/I
7

PLATE 7

4334 NI NOWLLVAINI

AR ettt i S S 5 s e e A e noe




58 AV
HOV3E ITvEini v1

VL WILIY

oy

1 44

2 INVI N4IVEL FHOEIE e e
$3INI0Nd ININ-YILNID N
1334 NI INVISIQ
oz 003 0! ori o 001 [ d o9 oy [z ] []
1/
/1
NN
N
,/
/l//
N
\
/n/
R
//
"N
AN
/
RN
N

1334 NI NOILVA 12

PLATE 8



GG8! AVYN
HOV3E8 3TvelNnl v 214IVNL WILIVY
€ 3NV 4dVEL FN0II® =
SIN40Hd 3ININ-Y¥ILN3D L ED)

1334 NI IONVISIO
ozTe 00T oo ol ovl o2l 00t 09 o9 ov o2 [

—fee

3
/ //l
r’ ar
NS
/1
// or ™
N R
/ <
N >
NN m
//’

r// vy 3
-

N
R L

N

S it s e e o e Yoty i

PLATE 9




868! AVN

HOVY3E ITIvEuNl v
¥ INVT

S3N4I0Ud 3INIT=-HIALNID

oM ow)

4334 Ni IONVLSIO
o2 001

N4V WALV
NidVEL N0IIE o e

aN3IoN

o9 oy

o2

[ 14

L4 4

L]
<

s

41234 NI NOLLVAZT2

PLATE 10



T At e ot e

6561 aNNr
HOV38 OINIOSNS

00+0 NOILVYLS

PLATE I

3AUND NOILLYAYYHO GNVS A113AVHD AIAVHD-TIAN - AS 810
ANV VY.LVa NOILVYDILISSYTIO NOLLYHASS VD v | e | 2 g a0
NS ] NGIN | 3swvod NS 1 ISUV0D
AV ¥O 1S ONVYS J3aved
SUILIMTUN NI 3215 NIVED
8.58 $000 100 $00 - 19 (1) [ < o1 0% oo
os
N

had oz

« N\ oe
3 AN 3
8 N\
Cl or g

]
h}

m ” \ o §
L] \ b

or oe “
: \ ¢
* o \

o

(1] o

° A r 1l 1 Ll 1 1 1 [ i !

002 Ovi 00t OL 06 Oy OC OF W™ O * v € | SR 2 12 €

WZLINONGAH SUIBANN IAME CASS N SIHONI NI SININISO JADE G4 BN

St o i e b el PR - L . .. " . -



6561 3NNr
HOV38 OINIOSNS
0S+0 NOILVLS

IANND NOILYAYHD |m_.z<m ATIIAVNO OUOHMO..JJNI|DQ! «81%0
GNV V.1Vva NOILLYDILISSVTIO NOLLYLSISSVTD 19 | e | [ BQASON Hidm0 asn
M | PQIN 1 3swoo !:A 1 ISUV0D
AV WO 1S anve IV
SWILIWTIN NI 3TIS MvYD
000 $000 00 §00 1o $0 ' s ot ] o0
J%

o v o1

- AN o

« ot

3
;. .
3 \ 3
hJ
m - A o i
L]

oc oL

oz oe

o >, os

} T k. 18 A i Fﬁﬁ 1 /- FII. o0

° 00Z O% 001 OL 0 O Of 02 ® ¥ O y v € * ¥ ¢+ e ¢ O

VILINONAAN SUIENAN IANE QLSS N SIHON NI SONINIJO JANS 018 BT

PLATE 12



6561 INNF
HOVY38 OINIOSNS

00+ 1 NOILV.LS
3AMND NOLLVYQVYHO

ANVS ATTIAVHD G3AVUD-TIIAM - MS

SYIBNNN JAS QLSS N

SN NI SONINISO JADE OIS BN

ANV Y1va NOLLVYILLISSYTIO NOLLYNIISEVID 24 | % | 1 %
I J I nNoIN |  aswwoo N4 R o)
AV N0 LS ONVE TS
SUILINTIN NI ITIS MVED
900 $000 100 ) s9 3 01 os 00
81..‘ M — °
os o1
»

had oz

o ot
: 3
“ o8 or ”
z
m - \ o
T n
o» oo §
; :

ot oL

or os

ot N P

° 1 [ 'Y . [ i 1 1 - oo

002 OM 000 OL 06 OF Of O MM W® O *» v ¢ 4 1 (e




0S8 INNC
HOV38 OINIDSNS
S3INVT 1S3L 40 LNOAVT

— i - —

st 40

317 15TL NV - 1¥W SNV T 20 SLIWIT

¢ > ¥ o1
SOOCK

T3a1E N

tx 4l

£L2
P I o P P e
[127] T
»
M
X L r e .
R 214
SR
SINVIBNIN
Ao !
ItV S 30NN ivm ivm
1VN dSd dse v
€ INVT 2 INV t 3NV

[ 224

IJL]

OSH

0041

hed L L LlllLLl

0540

LLJ;;L_LI

PLATE 14



g e o s b

AIRFIZLD CONE PENCTROMETER RIADING
[ ] L 10 1]

I 2 4 [ ) [] 7 [} 13 4 1]
SUR/ T T T T T T T T T T
~—] o~ ]
"‘\\ b““«-—-—__
a ~ — b c—
-~ e e—— ‘s.__
—— — ‘-L
-~ h\,_\ —f o] ———
& — e —— T — o — P —
] [~ —— -j: Y
P AR T
[ 8 =
T D b S
£ ™~ ) R S -~
w —— ~—
° 12— —t ~J )
v‘\\ '\\\\ ‘\s
s
. —— N
4 ] 10 12 14 3 L}
11}
LANE |
AIRFIELD CONE PENETROMETER READING
L) [ [ 7 [ 10 1" 12 13 14 18
T T ¥ T T T T T T
Qe . —
Sk T~
o B bppduens P (R
~d& ..;-_-_s___‘ “\\\\
\c T3 e \\\‘\\
a e \\"\ —— S
- -~ P— \1\ ~
‘; N ~—— T~ ~~Pe—— ~T—t
zZ 9 S P
t L e
i j _\\. i S~ \\
: N a 1 \ — —-.\\\ ‘\
o had N
e ., ~Jd
N
e \
( _ 1 ’\\‘ _ N
.y
M
\\
N
L) O 10 2 . . [}
(4 ] ]
LANE 2
LEGEND
e BEPORE TRAFFIC
—————— AFTER TRAFFIC CBR
4 3Ta ovso BEFORE AND AFTER
] STA 1400
v STA 1490 ' RAF F 'C

LANES | AND 2

SUSCINIO BEACH
JUNE 1959

PLATE 15

—



AIRPIELD CONE PENETROMETER READING
10 1) t

2 ’
SURP, | 3 ‘_ — _.r_ :-b: ] » - . ! l'l i 14 1)
——) ;\‘
o \\“ S T — \\
h \\ R P ?‘\.;_ \r\\
. X — 0y "o
M \ e
FERNEENY ssealon
z .\
ot 4 N, %
: T~ P
8 ep— ™~ _
\ \ D
I
{
e T \
4 ¢ L 1] 12 14 “ \ﬂ
con
LANE 3

AIRFIELO CONE PENETROMETER READING

e o S e L FEL BINUIURERE. St S
. o
AN =
oo
L ‘\\ g — ‘\\
: N\ \307\\-- —=y
\ ~d [ — [ 1
§ \~~\ \\ [
-
\
\ .
i
r 0 2 . " .
COR
LANE 4
LECEND
A cen
S 3Ta oee BEFORE AND AFTER
Pomu TRAFFIC

LANES 3 AND 4

SUSCINIO BEACH
JUNE 1959

PLATE I8



D St et < - R e R R ARt e s+ o,

6681 INNC

HOV3IE OINIDOSNS S13avEL WLV
I 3NV DHddVEL FUOIIE e e

SINIOUd INIT-HIALNID CIELER]

41334 N§ IONVLISIO

oz 002 o8t ot ovl o2l 001 [ [ [ oz ]

”e

°2
e =
pal
$
~ 3
{I - -
S #\/ € 2
~. -
// n
~— -+

ud
!%
S >
e
i 9
~
N
Moo
Y

e e



T A g o e o

6681 INNC

HOV3E OINIDSNS
2 3INVYT

S3N40Hd INIT-YILN3D

ol

4334 NI IONVLISIA

021

Q01

A4Vl diLdv
NIAVYL FHO0II0 o e e

aNaIsn

02

*
<

4334 NI NOILYADY)

PLATE 18



B o S

656! 3INNC

HOVY3E OINIDOSNS
€ 3NVT

S3INJ0OUd INIT-YILNIAD

oz2

ool

JN14IVHL YLV
NddVHEL NO0I3Q e e

aN3o N

4334 NI 30NVLSIO
ovi x4 00} 09 09 [0 d oz

/
!
/If

2

€

ot

1
/

re

sy

1334 NI NOILVARNI

PLATE i9




o bty 0

6S61 NN

HOV3E OINIDSNS

¥ INVT

SIN40Ud ININ-YILNID

4334 Nt PINVLASIO
o 00}

NIINL VDL IV e
NAAVEL PNOIIN o v

NPT

oy
oy

41334 NI NOILVA D2

PLATE 20




